ABSTRACT The antennal ßagellum of the melolontid beetle Phyllophaga obsoleta Blanchard consists of three terminal plates of lamellae: proximal, middle, and distal. Six types of sensilla were identiÞed on the internal and external surfaces of lamellae from both sexes: placodea (PLAS), basiconica (BAS), coeloconica (COS), auricilica (AUS), chaetica (CHS), and trichodea (TRS). The Þrst four types have been considered as chemoreceptor sensilla and the last two as mechanoreceptor sensilla. The sensilla from the internal and external surfaces of each of three lamellae present in the antennal club from both sexes were mapped by scanning electron microscopy. PLAS were abundant and followed a uniform pattern of distribution on both internal and external surfaces of lamellae from both sexes. Males antennae present a higher number of PLAS in comparison with females antennae. BAS are more abundant in males than in females and follow a more aggregated distribution than PLAS. AUS were included within the BAS group. COS are scarce and only observed on the internal surfaces of all lamellae. TRS and CHS are only present on the periphery of the lamellae. Most sensillar types identiÞed were more abundant in males than in females. The higher number of PLAS observed in males lamellae compared with females lamellae suggests that these sensilla may be involved in sex pheromone reception.
A NUMBER OF INSECT species show sexual dimorphism in the antennae. This feature seems to be linked to the number and pattern of distribution of different kinds of antennal sensory receptors known as sensilla (Campbell et al. 1999) . Sensilla constitute the most important structural and functional elements of the sensory system and are the incoming site for chemical information from the external environment into the central nervous system of insects (Dethier 1963 , Frazier 1985 , Todd and Baker 1997 . The majority of sensilla are located on the antennae and are functionally adapted to respond to a variety of intraspeciÞc semiochemicals that elicit sexual encounters (e.g., sex pheromones) (Zacharuk 1980 , Visser 1986 ). Chemoreception is determined by the intrinsic properties of the receptor membrane. This is responsible for detecting speciÞc stimuli and is mediated by the neuronal connections between the sensilla and the central nervous system (OÕConnell et al. 1983 ).
According to Visser and De Jong (1988) , reproductive functions of insects largely depend on their ability to detect and identify airborne substances in the environment. This ability may increase their success in the detection of a potential partner for mating. Evidence suggests that in most cases pheromones operate through receptors in the antennae; amputation of the antennae has been shown to prevent male response to the female pheromone in Coleoptera (Crowson 1981) . For Coleoptera, there are few reports on antennal sensilla involved in chemical communication. A comparison of the number, morphology, and distribution of antennal sensilla between sexes have been investigated in some beetle groups such as Scolytidae, Carabidae, Coccinelidae, Cerambycidae, Elateridae, and Curculionidae (Rani and Nakamuta 2001) .
Other reports have focused on their shape, type, and distribution, as in Melolonthidae (Moró n et al. 1997) , for example, Anomala cuprea Hope (Leal and Mochizuki 1993) , Phyllopherta diversa Waterhouse (Hansson et al. 1999) , Popillia japonica Newman (Kim and Leal 2000) , and Phyllophaga anxia Le Conte (Ochieng et al. 2002) .
Melolontid beetles have antennal lamellae presenting leaf-shaped extensions of the terminal segments. Wide-open male lamellae have been observed during female location, suggesting they play an important role during mate Þnding (Moró n 1986). Such antennal structures have made the morphological study of the sensilla difÞcult. Most variants of scarab olfactory sensilla may be arranged in three basic types: (1) recessed pore plates, (2) pore plates on sockets, and (3) hairlike sensilla (Meinecke 1975 , Leal 1998 . However, recent observations in other melolontid species have shown a greater diversity of types than expected (Hansson et al. 1999 , Ochieng et al. 2002 . This classiÞcation has produced some confusion among researchers.
Description of the sensory organs of the antennal lamellae from both sexes of the melolontid beetle Phyllophaga obsoleta Blanchard will help to understand its chemical communication system and sexual behavior. This is one of the most noxious Phyllophaga species in Mé xico (Moró n 2003b). The aim of this work was to study P. obsoleta chemical communication by describing the morphology of their antennae and sensilla.
Materials and Methods
Insects. P. obsoleta specimens were collected during the Þrst week of July 2002 in the grounds of the Centro de Desarrollo de Productos Bioticos at Yautepec, Morelos, Mé xico. The beetles were preserved in 70% ethanol.
Adult Identification and Body Measurements. Taxonomical identiÞcation was made using the keys of Moró n (1986) and Delgado (1989) . Twelve female and 12 male adults were randomly chosen and body length measured was using a vernier (Mauser, Germany). Body length was considered from the pygidium to the clypeus.
Measurements of Antennae and Lamellae. The head of each specimen was separated from the body and preserved in 70% ethanol. Antennal length, lamellar length, width, and area were obtained with the Image Tool 3.0 software program (Wilcox et al. 2002) . The three lamellae forming each antennal club were classiÞed separately according to sex and position (external or convex and internal or concave surfaces). The lamella located at the end of the club was named distal lamella (DL), whereas the lamella located closest to the head was named proximal lamella (PL). The lamella present between DL and PL was named middle lamella (ML). For a detailed description of each antennal structure, see Moró n (1986).
Light Microscopy. Antennae were cut and cleaned in 10% KOH at 80ЊC for 60 min and rinsed with distilled water. Afterwards, they were placed in a petri dish containing 70% ethanol, where lamellae were separated. Individual lamellae were dehydrated in 80%, 90%, and absolute ethanol for 1 min, respectively. Dehydrated lamellae were cleared in xylol for 10 min. The lamellae were mounted individually in Canada balsam and observed under a light microscope AO MicroStar (American Optical Co., Buffalo, NY).
Pictures of cleared and noncleared lamellae were obtained with a photomicroscope III (Carl Zeiss, Oberkochen, Germany) and a photomicroscope Tessovar (Carl Zeiss), with a digital camera Pixera Professional (Pixera Co., Los Gatos, CA).
Scanning Electron Microscopy. Materials for scanning electron microscopy were prepared following Valdez (1991) . In brief, lamellae were dehydrated in 80%, 90%, and absolute ethanol and dried in a SAMDRI-780A critical-point drier (Tousimis, Rockville, MD).
They were gold-coated in a JEOL Model JFC-1100 metal ionizer (JEOL, Ltd., Akishima, Japan) and examined at 15 kV in a JEOL 35-C scanning electron microscope (JEOL, Ltd.). Sensillar types were identiÞed according to Schneider (1964) .
Mapping of Sensilla. Images of the three lamellae of both sexes of P. obsoleta were obtained from scanning electron microscopy. These images were used to create maps of the external and internal surfaces of each lamella to show the distribution and number of the three placodea (PLAS), coeloconica (COS), and basiconica (BAS) groups of sensilla. Auricilica sensilla (AUS) were included within the BAS group for practical reasons. Trichodea (TRS) and chaetica sensilla (CHS) are related with mechanoreceptor functions (Dethier 1963 ) and therefore they were not included in mapping. Maps for measuring lamellae and showing the distribution pattern of each type of sensilla were obtained using the Adobe Photoshop 6.0 software program. PLAS, BAS, and COS were marked separately on independent maps to show clearly the whole set of each type of sensilla. The number of sensilla marked on maps was obtained with the Image Tool 3.0 software program (Wilcox et al. 2002) .
Statistical Analysis. Body length and antennal and lamellar dimension data from P. obsoleta adults of both sexes were analyzed using the StudentÕs t-test (SigmaStat 3.0). Unless stated otherwise all values reported are mean Ϯ SE.
Results
As shown in Table 1 , P. obsoleta females body length are larger than males, but males have signiÞcantly longer antennae than females. In addition, the lamellar club is longer and wider in males than in females. Male antennal length is Ϸ22% of its total body length, whereas female antennal length represents18% of the body length (Table 1 ). In males, PL and ML were longer and had a larger area than in females (Table 2) . Also, DL in males were longer and had a larger area and greater width than in females (Table 2) .
Images obtained by light and scanning electron microscopy revealed the presence of six types of sensilla Values are mean Ϯ standard error of the mean; n ϭ 12. StudentÕs t-test; mean Ϯ standard error of the mean; NS, not signiÞcant.
in both surfaces of antennal lamellae of both sexes: PLAS, BAS, COS, AUS, CHS, and TRS (Fig. 1) . PLAS are thin-walled plates or are low dome shaped and BAS are cone shaped (Fig. 1DÐG) . AUS are characterized by a "rabbit-ear" shape (Fig. 1DÐF) . COS are rarely found as aggregations of long rods located inside cuticle cavities (Fig. 1F and G) . TRS have a long spineor hair-like structure (Fig. 1B) and CHS present a short-spine, being shorter than TRS (Fig. 1C) .
The distribution pattern of the main groups of sensilla is presented in Fig. 2 . PLAS were uniformly distributed throughout almost the entire lamellar surface in both sexes. BAS had a more aggregated pattern Values are mean Ϯ standard error of the mean; n ϭ 12. StudentÕs t-test; mean Ϯ standard error of the mean; NS, not signiÞcant. compared with a more uniform distribution of PLAS. Nevertheless, the BAS number in DL was similar between the sexes and a more aggregated distribution is observed in the lamellae of females than males. COS were only observed after a central longitudinal axis in the internal surface of all lamellae in both sexes. TRS and CHS are located on the periphery of all lamellae.
The total number of PLAS, BAS, and COS is nearly three times higher in males than in females (12,276 versus 4,029). In females, DL shows the highest number of these three types of sensilla (Table 3) . On the contrary, males have the highest number of sensilla in ML (Table 4) . This difference is mainly from the number of PLAS. In both sexes, PLAS are the most abundant, being in males four times more abundant than in females (9,561 versus 2,457). In females, the highest number of PLAS is in the PL (Table 3) , whereas in males, the highest number of PLAS occurs Fig. 2 . Maps of the IN and external surface (EX) of each of the three lamellae from both sexes of P. obsoleta, which were obtained by scanning the photograph mosaics. These illustrate the distribution and number of PLAS, COS, and BAS groups. in DL and ML (Table 4) . Total number of BAS is also higher in males than in females. In females, the highest number of BAS occurs in the ML and PL (Table 3 ). In males, the highest number of BAS is observed in the ML (Table 4) . BAS number on the external surface of DL is higher in females than in males (Tables 3 and 4) . COS are observed only on internal surfaces of all lamellae from both sexes, although the total number is higher in males (33) than in females (16). In both sexes, COS are the most abundant in ML (Tables 3 and  4) .
Discussion
In several groups of insects, antennae of males are bigger or show more complexity than antennae of females. It has been found in other scarabs that this structure is involved in the reception of chemical stimuli such as sex pheromones (Leal 1998) . Sexual dimorphism of P. obsoleta is evident when considering antennal/body length ratio. In males, the length of the antennae represents almost one-fourth of the body length. Moreover, the ratio antennal club/body length was 33% higher for males than for females (Table 1) . There is also a 10% higher ratio of lamellar club/total antenna length in males than in females.
In Phyllophaga species, sexual differences in antennal length are mostly evident in the lamellar club. This structure is apparently the most important sensorial region for chemical stimuli of the antennae (Moró n 1986). In contrast, the absence of sensilla on the antennal ßagellum from both sexes indicates that this structure is not involved in chemical communication.
Because P. obsoleta males have longer antennae, longer lamellae, greater area, and a higher number of sensilla than females, males can be regarded as the receptors in the sexual communication system in this species. Romero-Ló pez (2003) provided biological evidence that P. obsoleta females display a calling behavior everting a ball-like structure from her abdominal tip and release chemical compounds, which are attractive to males. These Þndings agree with what has been reported for other Phyllophaga species (Guppy 1982 , King 1984 , Moró n 1986 , Villalobos 1990 , Zhang et al. 1997 , Oehlschlager et al. 2003 .
According to Crowson (1981) , the essential features of chemoreceptor sensilla in beetles are the presence of perforations in the cuticle and the neural connections to the (usually more than one) underlying cells. Micromorphological studies show that PLAS in other Lamellicorn species are covered by a Þne cuticle presenting numerous microperforations (Meinecke 1975 , Moró n 1986 . Leal (1998 Leal ( , 1999 reported that early olfactory processing takes place in PLAS. As it has been shown in the current work, PLAS outnumber other kinds of sensilla and cover a large area in lamellae of male P. obsoleta (Table 4 ; Fig. 2 ). PLAS in this species are likely to act as a sex pheromone receptor as in the case of A. cuprea (Leal and Mochizuki 1993) . PLAS in both species are morphologically similar.
The only report on the sensory organs in Phyllophaga species is for P. anxia (Ochieng et al. 2002) . These authors suggest the existence of four types of sensilla with an apparent chemoreceptor function: PLAS, AUS, and COS type I and II. Likewise, P. obsoleta showed four typically chemoreceptor sensillar types. Both PLAS and AUS from P. obsoleta are very similar to those reported in P. anxia (Ochieng et al. 2002) . However, only one type of COS was found in P. obsoleta. In addition, the BAS, TRS, and CHS were absent in P. anxia and present in P. obsoleta. According to the criteria proposed by Schneider (1964) , the CHS observed in P. anxia are more similar to the TRS reported in the current study. Therefore, P. obsoleta has TRS (CHS in P. anxia) as well as CHS (sensu stricto) not reported for P. anxia. It seems likely that CHS also play a mechanoreceptor role. Further morphological and electrophysiological research is needed to conÞrm this hypothesis.
There are few studies on the variability of sensilla in the genus Phyllophaga but it is expected to be as high as the diversity of sex pheromones reported in species of this genus. Leal (1998) made a comparison of 50 beetle species in a cladogram, based solely on morphological characteristics of the olfactory sensilla. Recently, Nojima et al. (2003) , Zhang et al. (2003) , and Robbins et al. (2003) have shown the diversity of chemicals involved in the sexual attraction of these beetles. It matches remarkably well to those based on entirely different characteristics. It seems P. obsoleta shows a similar pattern. According to Romero-Ló pez (2003) , females release different chemical compounds attractive to males, although the sex pheromone was not identiÞed.
Previous reports on Phyllophaga failed to compare the number of sensilla per lamella between sexes. Here, we have shown that males have a higher number of PLAS and suggest that PLAS are presumably involved in the reception of airborne volatiles. The fact that males of P. obsoleta have more sensilla than females seems to be linked to a greater ability to detect chemical stimuli involved in sexual attraction (Leal and Mochizuki 1993, Moró n 2003a). This Þnding opens an interesting and unexplored line of research. P. obsoleta males show the highest number of most sensilla, especially of PLAS in the ML and DL. FemalesÕ PLAS in PL outnumber PLAS in ML and DL. PLAS sensilla on males are located mostly on the internal surfaces of PL and ML and the external surface of the DL. In P. japonica (Kim and Leal 2000) and P. diversa (Hansson et al. 1999) , sensory structures are restricted to narrow strips of the lamellae; in contrast, P. anxia (Ochieng et al. 2002) and P. obsoleta show a highly uniform distribution of PLAS across the lamella. This agrees with previous reports regarding the Mexican species of Phyllophaga (Moró n 1986).
Based on the higher number of BAS recorded on the external surface of the PL in females rather than in males, it is suggested that BAS play a role in the reception of plant volatiles. Recent work suggests that the emission of volatile compounds acting as aggregation kairomones were induced by herbivory in P. japonica (Loughrin et al. 1995) . Interaction between sex pheromones and kairomones in the sexual communication of Melolontha hippocastini F. also has been suggested by Ruther et al. (2002) . The presence of different types of sensilla in P. obsoleta suggests that different sex pheromones and/or plant volatiles interact synergistically during mate Þnding.
Finally, we concluded that PLAS and BAS are candidates to contain the main receptors of intra-and interspeciÞc semiochemicals in P. obsoleta. These functions are yet to be conÞrmed through further behavioral and electrophysiological research.
